The problem of robust stability for a class of neutral control systems with mixed delays is investigated. Based on Lyapunov stable theory, by constructing a new Lyapunov-Krasovskii function, some new stable criteria are obtained. These criteria are formulated in the forms of linear matrix inequalities LMIs . Compared with some previous publications, our results are less conservative. Simulation examples are presented to illustrate the improvement of the main results.
Introduction
As one of important dynamical systems, neutral system has been received considerable attention in past years. Large numbers of monographs and papers on the stability of neutral type system with or without time delays have been published. A wide variety of methods disposing the stability problems of neutral system have been proposed 1-6 . It is well known that, because of the finite switching speed, memory effect, and so on, time delays are unavoidable in nature and technology. They can make important effects on the stability of concerned dynamical systems. Thus, the studies on stability of time-delayed neutral system are of great significance. In recent years, all kinds of delays such as time-varying delay 7-10 , distributed delay 11-13 , and mixed delay 14-16 were considered, and corresponding stable criteria have been derived. In practical, during the design of control system and its hardware implementation, the convergence of a control system may often be destroyed by its unavoidable uncertainty due to the existence of modeling error, the deviation of vital data, and so on. Therefore, the studies on robust convergence of delayed control system have been a hot research topic, and many sufficient conditions have been derived to guarantee the robust asymptotic or exponential stability for different class of delayed systems see 2, 7, 8, 10, 12, 13, [17] [18] [19] [20] . General speaking, these criteria can be divided into two categories 21 : that is, delay-independent criteria and delay-dependent criteria. As pointed out in 12 , when the size of time delay is small, delay-dependent criteria may be less conservative than those of delay-independent criteria, and the more free-weighting matrices are introduced in criterion, the less conservative it may be. On the other hand, compared with traditional matrix measure, matrix norm, and Riccati matrix criteria, linear matrix inequality LMI technique can be easily checked by LMI toolbox in MATLAB software and can make free weighting matrices easy to select. Thus, it becomes one of the most extensively used techniques in control system. In addition, the admissible allowed upper bound on the delay is usually regarded as the performance index for measuring the conservatism of the conditions obtained.
Motivated by the afore-mentioned analysis, in this paper, based on the equivalent equation of the zero which is similar to 2 in the derivative of a Lyapunov-Krasovskii functional, we will focus on deriving some improved robust stable criteria for a class of neutral control systems with mixed delays. By constructing a new Lyapunov function, some new delay-dependent stable criteria are derived via sufficiently employing NewtonLeibniz formula to introduce large numbers of free weighting matrices. These free weighting matrices express the influence of the relationship among terms x t ,ẋ t ,
s ds. Since these criteria are both discrete delay-dependent and distributed delay-dependent, they are less conservative than some previous methods for the concerned systems. When norm-bounded parameter uncertainties appear in the concerned system, delay-dependent robust asymptotic stability criteria are also presented. All of these criteria are expressed in the forms of linear matrix inequalities LMIs , which can be easily solved. Finally, numerical examples are given to illustrate the improvement of the main results. Simulations show that our results are valid.
Preliminaries
Consider uncertain neutral system with mixed delays 4 as follows: 
2.3
For further discussion, we first introduce the following lemmas. 
Main Results
In this section, we will analyse the stability problem of uncertain neutral systems with mixed delays described by 2.1 . First, we consider the stability problem for the nominal system 2.3 with ΔA t 0, ΔB t 0, ΔD t 0. In order to introduce free-weighting matrix, we can use the following fact:
where M is an arbitrary matrix with appropriate dimensions. Substituting zero equation 3.1 into system 2.3 , the original system can be transformed into the following form:
3.2
For the asymptotic stability of system 3.2 , we can obtain the following results. 
Theorem 3.1. For any given matrix
M, scalars τ 1 > 0, τ 2 > 0, h > 0,Ξ 1 ⎛ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎝ Ξ 11 Ξ 12 Ξ 13 Ξ 14 Ξ 15 Ξ 16 Ξ 17 Ξ 18 Ξ 19 * Ξ 22 Ξ 23 Ξ 24 Ξ 25 Ξ 26 Ξ 27 Ξ 28 Ξ 29 * * Ξ 33 Ξ 34 Ξ 35 Ξ 36 Ξ 37 Ξ 38 Ξ 39 ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎠ < 0, 3.3 T 21 − P 15 − F T 4 , Ξ 47 −P T 13 − P 16 − F T 4 , Ξ 48 P T 5 D − P 17 − F T 4 , Ξ 49 F T 4 , Ξ 55 P T 6 C C T P 6 − Q 2 , Ξ 56 P T 6 M − P T 22 C T P 7 − F T 5 , Ξ 57 −P T 14 C T P 8 − F T 5 , Ξ 58 P T 6 D C T P 9 − F T 5 , Ξ 59 F T 5 , Ξ 66 P T 7 M − P T 23 M T P 7 − P 23 − F T 6 − F 6 , Ξ 67 −P T 15 M T P 8 − P 24 − F T 6 − F T 7 , Ξ 68 P T 7 D M T P 9 − P 25 − F T 6 − F T 8 , Ξ 69 F T 6 , Ξ 77 −P T 16 − P 16 − F T 7 − F 7 , Ξ 78 P T 8 D − P 17 − F T 8 − F T 7 , Ξ 79 F T 7 , Ξ 88 P T 9 D D T P 9 − F T 8 − F T 8 , Ξ 89 F T 8 , Ξ 99 − 1 h Q 3 1 τ 1 Q 4 1 τ 2 Q 5 .
3.4
Proof. Constructing a new Lyapunov functional candidate for system 3.2 as follows:
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where 
P 10 P 11 P 12 P 13 P 14 P 15 P 16 P 17
along the trajectories of system 3.2 , the derivative of V t is given bẏ
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s ds
s ds 
3.11
By Lemma 2.3, similar to the disposal route in 34 , we havė 
T s Q 5ẋ s ds
3.14 From 3.12 -3.14 , we geṫ
3.15
Hence,V
3.17
In 
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A − I T P 2 P 10 P 18 hQ 3 Q 1 ,
A − I T P 3 P 11 P 19 ,
A − I T P 4 P 12 P 20 ,
A − I T P 5 P 13 P 21 ,
12
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3.20
Proof. Replacing A, B, D in 3.3 with A KF t E a , B KF t E b , and D KF t E d , respectively, 3.3 for system 2.1 is equivalent to the following form:
where
2, a sufficient condition for 3.20 is that there exists a positive scalar δ > 0 such that
In views of Lemma 2.1, we can easily obtain this conclusion, this completes the proof. 
3.23
Numerical Examples
In this section, some numerical examples will be presented to show the validity and improvement of the main results derived earlier. . For this example, we calculate the allowable upper bound of τ 1 for which the asymptotic stability is guaranteed. Table 2 shows that Theorem 3.1 obtained in this paper is less conservative than the related results obtained in 12, 13, 24, 28-33 . Table 4 shows that the robust stability criterion obtained in this paper is also less conservative than the related result obtained in 12 . From the simulation figures see Figures 1-4 , one can see that the results derived in this paper are valid. . Table 5 gives out the related comparative results, from which one can see that Theorem 3.7 obtained in this paper is less conservative than those established in 32, 33, 36 .
Conclusion
By constructing a new Lyapunov function, some new robust stable criteria for a class of neutral control systems with mixed delays are obtained. These criteria are formulated in the forms of linear matrix inequalities. Compared with some previous publications, our results are less conservative. Numerical examples and simulations show that our results are valid.
